¥38% 2

2018 4 2 A ACTA OPTICA SINICA

30° PRI A 88 i N B8 E 2

%ﬁﬁ Eﬁ/&a u:—,;“ " %/)f?ﬁk

W R Tk R 25 (D2 T AR5 oLy . BROBTT IR 150001

ik

WE W THMERANBEENAESNG T FREE, WARA WEMAAE @R A mE R TR, A

SE s A BT I P AR T P9 R 1 R R R LA BT A I S ) A, Sk LR DG B S BT R 4 R —F 30° 1)

£ B 5T N B BB O R SRR L TE S AT R TIT S 5 2 R PN A A 1) AR A I SR R B A 4 RO R

Wit 307 WLl ff OB BE 10 T7 ks s S L A5 A AR L BR E XS B TE S AT A 25 T SR BT . Bt g R R L ikt

PBEEE I MK 365 mm; HA/NT 6 mms WG My £40%: W5 A B3R 12 1p/ mm , B2 A7 F A% B 5 58 1 43 1 3
o BRI R VR R 22 BT N 22 A BT S A R R AR B T P AR ok . BT A R AR BE A8 W L S PR A oK

FRBN TSR, 0 A T e Tk R P e B v L AR B AR X,

KR Ot MEANEE WA 2R

hESESE THI73 XERFRIZAS A doi: 10.3788/A0S5201838.0222002

Optical Design of Rigid Endoscope with 30° Viewing Angle

Zhang Shuqing, Wang Qingchen, Zhi Xiyang, Huang Yuanxin
Research Center for Space Optical Engineering, Harbin Institute of Technology,
Harbin, Heilongjiang 150001, China

Abstract In order to increase the valid view of field, make it easy for using, and save cost, it's necessary to
improve the performance of the existing rigid endoscope. Firstly, the development status and main problems of rigid
endoscopes at home and abroad are analyzed. And the design requirement is proposed by comparing related product.
Next, a design method of 30° viewing angle rigid endoscope is proposed. Then, on the basis of the analysis of the
current steering system structure of all kinds of rigid endoscope on the market, a method of designing the 30°
viewing angle endoscope with total reflection prism is proposed. Finally, the tolerance analysis and image quality

evaluation are carried out according to the corresponding standard. The design results show that the total length of
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the designed endoscope is 365 mm. The diameter is less than 6 mm. The angle of the field of view is £40°. And

the object space resolution is 12 Ip/mm, which is close to the diffraction limit. The energy distribution is uniform as

well. Considering the processing and assembly error, the results show that the image quality can still meet the user

needs after the tolerance analysis. The design results can basically meet the actual use needs and the design

requirements, which have engineering application significance for the localization of high quality medical rigid endoscope.
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Table 1 System design requirements

Parameter Design requirement

Field of view /(*) +40
F/# 6
View angle /(%) 30

Total length /mm =300
Object resolution /(Ipsmm ') >12

Relative distortion /% <25%
Working distance /mm 25
Diameter /mm <6
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Table 2 Spatial resolution and MTF threshold of products

Number Brand View angle /(%) Type Spatial resolution /(Ipsemm ') MTF threshold (total)
1 LUT 0 Sinus endoscope 9 0.2619
2 LUT 30 Sinus endoscope 8 0.3607
3 LUT 70 Sinus endoscope 8 0.5506
4 SHENDA 12 Cervical endoscope 5 0.5439
5 SHENDA 22 Cervical endoscope 5 0.5182
6 Olympus 70 Cystoscope 10 0.4505
7 Olympus 70 Cystoscope 11 0.1942
8 Rudolf 30 Cystoscope 10 0.2841
9 STORZ 30 Cystoscope 16 0.2364
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Fig. 1 Initial structure of objective lens
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Fig. 2 Initial structure of rod lens
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Fig. 5 Assemble of objective lens with prism
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Table 3 Incident angle of prism

Incident angle of  Incident angle of
lower reflection

surface /(%)

upper reflection

surface /(%)

Field of view

—40° upper edge ray 55.20 69.70
—40° lower edge ray 63.15 77.75
0° upper edge ray 51.05 66.60
0° lower edge ray 58.75 73.25
40° upper edge ray 47.05 62.05
40° lower edge ray 54.80 69.70
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Table 5 Tolerance analysis result

Probability MTF threshold
90 % =0.102442047
50 % =>0.145729620
10% =>0.238108653
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